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Consumer Choice of Durables and Energy Demand
by
Jerry A. Hausman1
Most demand for energy at the household level is a derived
demand of other activities--transportation, services of household
appliances, and heating and cooling provide examples. Thus,
energy demand may be viewed usefully as part of a "household" pro-
duction process in which the services of a long-lived conformer
durable good are combined with energy inputs to produce household
services, Viewed from this perspective, two important components of
energy demand emerge. First, the technological design of the consurer
durable determines required energy input per unit of household service
output. Automobiles, home air conditioners, and home heating systems
provide three examples where important differences exist across models
in required energy inputs. The second aspect of energy demand is the
utilization of the household capital stock. The number of automobile
trips, summer and winter house temperatures, and utilization of other
household appliances determine the demand for final services and
thus total household energy demand.
Both components of energy demand, the capital stock decision and the
final services or utilization decision, determine household energy con-
sumption. Also, varying substitution and conservation possibilities
exist in each component. Some appliances such as refrigerators currently
offer little substitution between higher capital costs and lower
:.
operating costs. Refrigerators also provide an example where only a
very limited possibility of altering final household utilization exists.
On the other hand, home heating and cooling systems provide important
examples where trade offs between capital costs and operating costs are
substantial. Also, household final demand can be altered quite easily.
Dividing household energy demand into capital stock and final
services components tends to emphasize the potential differences in
short run and long run reactions of changes in relative prices. In
the short run, holding the capital stock fixed, only demand for final
services will change. Possibilities for large changes are often limited
at this stage; and, in fact, the given capital stock will not be efficient
in an ex ante sense if relative prices have changed after the appliance
was purchased. In the l.onger run as the capital stock adjusts, the
possibility of substitution becomes correspondingly greater. If operating
costs (energy input prices) have increased, consumers will trade off
higher initial capital costs against a reduction in operating costs.
Technological or engineering considerations will determine the range
of these possible trade offs, and their effect on final energy demand
may often be substantial.
Allowing for the different nature of the adjustment of the two
components of household energy demand is an important feature of a
successful econometric model. Econometric models which do not differentiate
the capital stock decision from the utilization decision cannot capture
the interplay of technological change and consumer choice in determining
final energy demand. Also, engineering models which do not allow for
consumer choice but instead assume that the "least cost" design is
adopted will fail to capture the diversity of consumer behavior. In this
Daper I attempt to develop a model which allows for both the possibilities
of technical substitution and for consumer choice in the capital stock
decision. This type of model can then be combined with final demand
or utilization models which will result from the many ongoing experiments
being funded by the federal government and electric utility companies.
The combination of the two types of models will permit analysis of fore-
casts of the effects of further shifts of relative prices and also the
effects of shifting prices across time of day. The model could also
be used to forecast the effect of potential new technologies that might
be marketed if such new economic opportunities become available. In
this paper I explore the choice among existing models, leaving the
question of new technologies for a future paper.
The specific model used is a qualitative choice model of Hausman and
Wise [ 1971 which builds on earlier work of McFadden 1974 1. The
qualitative choice model is a disaggregate model of individual choice which
specifies the determinants of individual choice in terms of the characteristics
or attributes of the different possible choices. As used by Hausman and
Wise, it also permits differences in individual preferences and optimization
behavior which might arise because of different intended utlization and
other unobserved factors. For instance , energy efficiency is only one
of many characteristics which differentiates automobiles. Size, acceleration,
and price are other relevant attributes which determine consumer choice.
Qualitative choice models are well suited for such applications where
choices are made from a discrete number of possibilities and the possibilities
can be characterized by their different attributes. Much of the energy
using household capital stock has this form so that the qualitative choice
model may have an important range of applications in the area of energy
demand.
The plan of the paper is as follows. Section 1 specifies the
qualitative choice model used in the empirical work in the context of
the particular application to be studied, the demand for home air con-
ditioners. Section 2 considers the technological possibilities for sub-
stitution and discusses the range of models available in terms of an
earlier literature on "hedonic" prices. The estimates of the qualitative
choice model are reported in Section 3 along with a consideration of the
effect of different relative prices on consumer choice. Section 4 contains
a rather speculative discussion on the advisability of government policy
action in regard to the particular parameter estimates found which tend
to indicate a high rate of time discount among many consumers. While the
specification of the qualitative choice model is by necessity quite
technical, I hope that the application clarifies the essential features of
the model. Thus, the reader need not immerse himself in the technical
details of the next section to understand the results and discussion of the
rest of the paper.
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1. Model Snecification
To derive a model of qualitative choice, a specification of
individual behavior is needed. While economic theory has little
to say about the specific functional forms used for estimation
purposes, it does provide a general framework within which results
may be evaluated and policy recommendations may be considered.
Therefore, we assume that the individual decision maker is a "rational"
economic consumer and postulate the existence of a utility fut1:tion
which describes his behavior. Since the time element of utility is
the essence of consumer durable choice, -e consider the utility over
time to be a discounted sum of per unit time utilities.
(1.1) W - tu(xt)
t=O.
where 6 is the discount factor and xt is the vector of consumption
levels of goods and services in period t. The individual is assumed
to choose his consumption activities sequence {xt } to maximize W subject
to a sequence of budget constraints {Bt}. However, when an individual decides
to purchase a consumer durable, it is unlikely that he has all the necessary
information to solve completely for his optimum consumption sequence
since the required future markets do not' exist in all·commodities: nstead
we assume that he determines his optimum cqnsumption for the current neriod and
the amount of savings (positive or negative) that he wants to carry over
to the next: period. Given this information, we then assume that he
chooses the particular consumer durable to maximize his discounted sum
of utilities from equation (1.1).
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We now consider the determinants of the consumer choice which will
allow us to derive an estimable specification within the framework of
utility maximization. Assume that the individual has decided to purchase
one unit of a consumer durable of which several models are available.
She wants to choose the alternative model which accords with her preferences
and expectations. nThis specification of choice of a single unit of a good
from a limited number of possibilities is the aspect of the problem which
differentiates it from traditional consumer theory where the analysis
determines "how much" to spend or, equivalently, how many units are to be
1purchased. Qualitative choice specifications consider the characteristics
of the different elements in the choice set and determine the probability
that the individual will choose any given alternative.
Let the initial cost (purchase price) for alternative i =- , . .. , I
be Pi. Likewise, let the expected operating cost for each alternative
be the sequence {Pit . This sequence of operating costs will reflect the
it
desired level of service which in turn will be a function of electricity
prices or other energy input prices, the individual's environment, the
deterioration over time of the durable, and the general price level sequence
{rt}. The utility of each alternative will be modeled as a function of
these two factors, the initial purchase price and per unit time operating
costs. For many consumer durable problems additional attributes of the
choices must be specified. For instance, a specification of automobile
choice would include the size of the car, perhaps its horsepower, and other
factors which differentiate automobiles besides initial purchase price
and miles per gallon. These additional attributes can be added to the
specification in a straightforward manner, but since we are concentrating
here on specifying the demand for room air conditioners which are relatively
homogenous in their operating characteristics, we do not
T, Z ; I--,..,., 
include further attributes beyond initial purchase price and operating
costs.
Given this honogeneity of services assumption, the consumer
choice among alternatives reduces to a problem of discounted cost
minimization. Let Xlt be the sequence of services (air cooling)
provided by the chosen alternative, and we assunme that this sequence
is independent of the model chosen for a given consumer. Then the
utility function in equation (1.1) for a given choice i can be written
in indirect utility function form as
(1.2) W= V(Yo, Pi' Pi' ) + Z t( ) - Y i0t=l 6 V (Yt' Pit' t)
where we have specified the indirect utility function in period t
to depend on income, operating cost, and a general price level index
of other consumption. Thus in period o the individual has Y - Pi to
spend after his purchase of the consumer durable while in each period
his remaining income is reduced by a further Pit which represents theit
operating costs of the alternative he chooses.
Rewriting the indirect utility function of equation (1.2) in normalized
form after dividing by {(t }, the price level in period t, we derive
the final specification of variables on which the durable good choice
depends
° '0i/ )+t= 1 V (Yt/wt? Pit/ t ).
While all the variables in the first term are observable, normalized
income and operating costs in periods t = 1, 2, . . . are unobservable
expectations of the individual. However, it may be reasonable to assume
the the individual expects both Yt/lt and p it/t to grow at constant
proportional rates, although the rates need not be equal. Denote the
growth rates y for normalized income and n for normalized operating costs
and equation (1.3) becomes
Z 6t v(¥t (YO/o), nt(pio/Wo))(1.4) W = V(Yo/1T pn o, / io/o + tt(Pi/
= w (Yo/WO Pi/To Pio/w° , t).
Thus we see that in choosing the consumer durable, the individual con-
siders his current income and its growth rate, the cost of the consumer
durable, the current operating cost and its growth rate, and his utility
time rate of discount.
General utility theory does not go beyond indicating the variables
which are used in the decision process, so that a functional form of the
utility function needs to be specified for estimation purposes. To derive
an estimable form, we utilize a Taylor's expansion and normalize or at
O0
unity to obtain
(15) Wi o i i + 2 Pio + Wi
where Wi represents the utility form from the ith alternative and the
parameters o B 1 and 2 incorporate the shape of the utility function
V(.) from equation (1.2) as well as the discount rate 6 and growth rates
y and n. Note that the essential time element is captured in the
specification through the tradeoff between a lower initial cost Pi and
higher operating costs pio or vice versa. The stochastic term oi repre-
sents elements not represented in the expansion. This specification, linear
in parwaneters,has proven quite successful in applications of qualitative
choice models to transportation problems. -.
We have now specified the utility W from alternative i and need to
specify the model of individual choice from the choice set at i = 1, . . ., I.
Rewrite equation (1.5) as W. Zi + + W . where Wi represents the
nonstochastic part of the model. Then the probability that the individual
consumer will choose alternative i is
(1.6) .i pr [Wi> W for all J P i]
1pr [Wi-jf + J.> f
- p. rij + i > for all J # i]
1il + Xi i i1 *~ + i iI +
where Wi = W i - W and f is the Joint density of the random variables
wi' This rather formidable appearing probability statement merely
represents the probability that the individual chooses alternative i
because his utility from this choice exceeds that of any altc iab.ive
choice J. The nonstochastic part of the probabilities, W, represent
the trade off in utility terms between the attributes of the different
alternatives. As ViJ increases for a ' en i note that the prcoability
of its being chosen increases since the limits of the integral in
equation (1.6) increase. The stochastic term represents unobserved
factors with E = o for all i by assumption.
We now extend our specification of individual choice to choice
over a population of individuals. Consideration of equation (1.4)
indicates that even for individuals facing identical choice sets, the
utility specification of equation (1.5) may differ since Y individual0
income, Pio the operating cost,yt andnt the growth rates, and t the
discount rate may all differ. w( ), the indirect utility function of equation
(1.4) will also vary across individuals due to different intended utilization
which depends on exogenous factors. Then the parameters in the Taylor
expansion will also differ. Thus for individual k we write the utility
from alternative i as
(1.7) Wik Bok Yok + BlkPi +2kPiok +sik.
A L
The question then arises of how the parameters hk might be distributed
in the population. Following Hausman. and Wise [1978] we assume a normal
- 2
distribution with hk 'N(B h, B ) so that the 8h's are distributed
2 ).6independently of each other. We also assume that. ik N(o, aik ,
Given this stochastic specification we rewrite equation (1.7) as
(1.8) W = Y j +p +i(1 8) Wik So ok 1i 2Piok ik
where ik + Zik( 1 - B) using notation introduced earlier. Note
that the expectation of !ik is zero. Now the probability that personik
k when faced with a choice setkOis i = , . . . I k chooses alternative
i is
(1.9) rik = pr [Wik > Wjk for all Ji in k]
pr [WiJk + i kC> ' k for all j ii
ik(Wilk + ik ' i ' ilkk + -ik) d ik
where Fki . 8F/Dr. and is the jointmultivariate normal distribution of the ik's.
Thus, individuals are permitted to differ from each other through the parameters
Bhk in equation (1.7). Given the amount of unobserved data in the indirect
utility function specification of equation (1.2), this possibility of
individual differences seems an important component of the specification.
Once the specification of individual choices in a population is
completed, we are ready at last to write down the likelihood function
from which we will derive the estimates of the unknown parameters. Since
k disappears in the probability statement while a is normalized atok t
unity given that only the outcome of utility differences is observed, the
unknown parameter vector consists of four elements. These four elements
are B1- a2 2 ' ° which represent the parameters of the tradeoff
between initial cost Pi and the operating costs iok' Since these
parameters are assumed to vary in the population both the means and
variances of the distribution are estimated. Then given a random
sample of N individuals who purchased one unit of the good from their
choice setd k we have the log likelihood function
N Ik
.() I X Z log 
k=l' i=l Yik i
where Yik = if person k chooses alternative i and is zero otherwise.
The probabilities ik follow a multinomial distribution and are computed
from equation (1.9). Maximation of this likelihood function leads to
6
parameter estimates with favorable large sample properties. These
parameter estimates will allow us to assess the possibility of conservation
in the population as well as indicating the degree of tradeoff between
present and future use.
In this section we have specified a statistical model at the individual
level which attempts to indicate the economic factors which are important
in choice among durable goods. Individual utility maximization over time
is assumed. From this maximization assumption an estimable utility
function is derived and the probability of individual choice of alternatives
i from a given choice set follows. The specification at the individual
level is then extended to the population so that the choice specification
may differ 'among individuals. Lastly, a likelihood function is specified
which permits estimation of unknown parameters.
2. The Market for Home Air Conditioners
Before proceeding to estimate the model we consider the market for
the particular consumer durable, air conditioners, under consideration.
Our goal is to determine the degree of purchase price/operating cost
substitution available for air conditioners in the market. Product differ-
entiation is an important aspect of the markets for almost all consumer
durables. Different models of a consumer durable usually differ in their
characteristics or attributes. Suppose a particular product j can be described
in terms of a vector of n observable characteristics Z = Z . Zj Then1' ' ' ' n
in the market we observe the whole spectrum of available models Z, J=1, . .. , J
as well as their associated prices p. Since in buying a particular
model of the consumer durable p the consumer buys the "package" of
attributes Z, we might be interested in estimating the implicit price
of q of each quantity of attributes. Then the total price of the model
n
is decomposed into the sum of its attributes costs: = Z q Z 
i=l
This idea underlies the analysis of "hedonic prices" pioneered by
Court [1939] and later revived and extended by Griliches [1971] and
Rosen [1974] . In general neither the product:ion technologr nor the
consumer preferences can be recovered from using only observable market
data; but as a description of market data, hedonic price analysis is
useful in characterizing the available range of market choice.
In 1976 there were forty-one companies producing over five hundred
1
models of room air conditioners. The characteristics Zj which we use to describe
room air conditioners are: cooling capacity reported as BTU/hour, electric
voltage which is either 115 volts or 230 volts, electric amperes, and
electric wattage. The last three characteristics all are associated
with electricity consumption, and they are conveniently suamarized in
a measure called EER--the energy efficiency ratio. This value is obtained
by dividing BTU/hr by the electric wattage input during cooling. EER
represents the relative electrical efficiency of room air conditioners,
and its inverse is a measure of operating costs.
.... . . . . . . _
Cc.mrolt nform`* ,; -. ras obtained for 409 models of 1976 air
conditioners. BTLJ/hour and E are used in the hedonic regression
as the attributes of the different models. The specification preferred
in the hedonic price literature is log linear so that specification
is used here.. Thst simople specification does rather well in describing
the market data with the standard error approximately 16% of the
market price and very precise parameter estimates. The results are:
Table I--Parameter Estimates for Log Price Regression
Par;-zIieter Estimate Standard Error
Constant 4.6986 .04720
BTU (l000's) .05597 .001916
EER .07081 . 006130
R2 = .7248 Standard Error = .1611 4'OBsS 09
Thus a definite and substantial trade off exists between initial purchase
price and operating costs. Since the inverse of EER is a measure of
electricity consumption, higher EER leads to lower operating costs, but
also a higher initial purchase price. For instance, an increase in EER
from 7.5 to 8.0 which is approximately the mean of the sample leads to
a 6.4% decrease in electricity consumption and a 3.5% increase in the
purchase price. As outlined in Section 1, consumer choice of a particular
model depends on this trade off as well as an individual's personal character-
istics, tastes, intended utilization and the price of electricity in his area.
To test whether the loglinear specification is a sufficient des-
cription of the market data, a separate regression was run for 5000 BTU
air conditioners which is a very popular size with thirty-four
different models. As shown in Table II the coefficient for EER
is significantly different from the corresponding coefficient
from Table I which is computed across all BTU sizes.
Table II
Parameter Estimates for Log Price Regression
of 5000 BTU Air Conditioners
Parameter Estimate Standard Error
Constant 4.4969 .2044
EER .1268 .03181
R = .3324 Standard Error = .1614 NOBS = 34
Now an increase in EER from 7.5 to 8.0 which leads to a reduction
of 6.4% in electricity consumption leads to a rise of 6.3% in initial
purchase price. This result indicates that one would expect to see fewer
high efficiency models for low BTU air conditioners in the market since
the initial price versus operating cost tradeoff is less favorable. In
fact, the highest EER for 5000 BTU air conditioners is 8.8 while for
10,000 BTU air conditioners the highest EER is 11.6.
The finding of a significant difference in the efficiency parameter
for 5000 BTU models indicates that the original linear specification of
Table I is insufficient. lus, a quadratic specification is used which
also allows interaction between BTU's and EER. The standard error of the
regression falls from 16% to 14%; and, as shown in Table III all the
coefficients except the EER term are estimated relatively precisely.
A strong nonlinearity is indicated by this regression. The results
demonstrate that the original linear specification is inadequate to
describe the market data.
Table IIl--Parameter Estimates for Lor Price Regression
Parameter Estimate Standard Error
Constant -4.oo64 .2317
BTU (1000' s) .1702 .01383
EER .1172 .05469
2
BTU -.003935 .0004336
EF2 -.001546 .C03514
BTU · EER -. 003344 .001548
R = .7776" Standard Error =.1453 NOBS = 1408
An F test comparing the linear regression of Table I with the quadratic
specification of Table III has the value F(3,1t03) = 31.94 which is
significant at the 1% level. Perhaps of more interest is the nonlinearity
created for the tradeoff between initial purchase price and operating
costs. For an increase in EER from 7.5 to 8.0 with an associated
decrease of 6.4% in operating costs, the initial purchase price rises
3.8% for a 5000 BTU model. For a 10,000 BTU model this price rise is
2.99% while for a 15,000 BTU model the price rise falls to 2.15%. Since
the higher BTU models consume more electricity per hour when in use, we
would expect more efficient large BTU models bought than small BTU models
given also that the trade off is more favorable. This expectation is
verified in our sample of consumers where for air conditioners less than
8000 BTU none with EER greater than 8.0 were purchased while for the
larger models they comprised about 20% of consumer choices.
Once we have summarized the market data using the hedonic price
regression, the further question arises whether when given data on
_ I_ _ _ I __
on individual consumer demand we can estimate consumer demand for the
different models. In a very interesting paper Rosen 974 suggests
using the estimated gradient for each attribute which defines implicit
marginal prices pi(Zj) and then to estimate the demand and sunnly
equations for the attributes. However, unless "arbitrage" or complete
repackaging of attributes is permitted, in general prices are nonlinear
so that the consuner budget set is not a straight line. In fact, it
need not even be convex. As Burtless and Hausman [ 1977] demonstrate
for nonlinear budget sets created by tax and transfer programs, the
consumer demand function is unlikely to exist in closed form when both
the income effects and substitution effects are accounted for due to
the-nonlinear prices. Therefore, estimating the derived demand for
attributes could be a complicated econometric problem when the marginal
price of an attribute depends on the quantity of the attribute in the
particular model. The qualitative choice model of Section 1 seems
better suited to the task of estimating the determinants of consumer
demand in this situation. Instead of attempting to estimate the
derived demand for attributes, the qualitative choice compares the
utility of each model in terms of its attributes through a random
utility function specification. The implicit consumer tradeoff between
attributes can still be evaluated, but the derived demand for the attri-
butes need not be specified explicitly. We now turn to estimation of
individual choice using the qualitative choice mode. to evaluate the
tradeoff between initial purchase price and operating costs.
l. 1. 'S41 "si) -41.: o - %;
3. Model Choices Among Consumers for Air Conditioners
In the last section we used a hedonic price. specification to
demonstrate the significant degree of substitution available among
air conditioner models. Lower operating costs are possible to
achieve, but only at the expense of higher initial capital costs.
In this section we utilize the qualitative choice model of Section 1
and in particular the utility specification of equation (1.5) to
estimate the parameters of consumer choice in selecting among the
different models of air conditioners. But first the question arises
whether it is likely that a consumer has sufficient information to
make the necessary economic calculations to choose among the many
models. Almost all air conditioners soli now have a tag attached
giving consumer information in line with standards established by the
Association of Home Appliance Manufacturers and the U.S. Department
of Commerce. This information includes BTU's/hour, voltage, amperes,
watts, and ER, including its definition. Furthermore, for the given
BTU size of air conditioner, the EER range of all models of that size
is listed. Lastly, the consumer tag lists a national Bureau of Standards
Publication which gives information on cost of operation. Thus, the
consumer has the necessary information to calculate the cost of
operation.-given the additional information of the electricity price
he faces. When he includes expected utilization he could in principle
make the economic calculation to choose the best model for his
situation. We do not assume that all consumers actually make the
calculation, but an individual certainly has enough data to make an
informed choice.
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The parameters to be estimated from the utility function of
equation (1.5) and the likelihood function of equations (1.9) and
(1.10) are the parameters associated with the tradeoff between initial
capital cost and operating costs. However, we need to limit the range
of models faced by the consumer since choice among all 409 models is
beyond estimation in terms of the sample size and the computer program.
Furthermore, the individual consumer may well simplify his decision
process rather than considering all models simultaneously. We employ
two simplifications for the choice process. First, we take BTU size
as given and equal to that of the actual choice. The working capacity
of the air conditioners is determined mainly by the physical environment
\of its intended use (i.e., the size of the room it is intended to cool).
Thus substitution between capital costs and operating costs is assumed to
occur through the energy efficiency of a particular capacity air conditioner.
This assumption still does not limit the problem sufficiently since as many
as forty-five models exist for a given BTU size. Thus, an additional assumption
is that the individual chooses among low efficiency, medium efficiency, and
:high efficiency models. The efficiency limits were set exogenously (although
the final results are insensitive to the exact limits used), and the price for
the two models not chosen was predicted by an instrumental variable
procedure using the hedonic price regression of Section 2. The two
assumptions limit the choice set to an easily manageable size without,
it is hoped, distorting the choice process.
The data set for individual choice was constructed in the following
way. Midwest Research Institute, under the auspices of EPRI and the
FEA, conducted a random household appliance survey in 1976. Among
the questions asked was whether a room air conditioner had been purchased
in the past two years. If so, the. manufacturer's name and model number
were collected. Using the model nmber, the model characteristics and
price were gathered from AHAM publications and the Home Appliance Blue
Book. Marginal electricity prices and the number of cooling degree days
2
were also collected from the individual's geographic area. In this
way, a random sample of 65 individuals was constructed. As discussed
in Section 2 the divergence of traded price from list price is a problem
for consumer durables, but our data source attempts to collect traded
price. For operating costs we use electricity price times cooling
degree days in the individual's area divided by EER to provide a measure
of utilization cost. Intended number of hours utilization per dy :.ould
lead to a more precise estimate of operating costs, but given our assumptions
of homogeneity of utilization in Section 1, the parameter 2 in equation
(1.5) will reflect intended utilization. This data will differ among
individuals yielding another reason why the coefficients of the utility
function are expected to vary in the population.
Parameter estimates obtained by maximum likelihood are given in
Table IV.
Table IV
Estimates of the Individual Choice Model for Air Conditioner Demand
Parameter Estimate Asymptotic Standard Error
B1 Initial Purchase Price -.06996 .03131
B2 Operating Costs -.3684 .01218
Cy Standard Deviation of .03223 .01510
B1 Distribution of 1
a Standard Deviation of .1021 .2386
02 Distribution of 2
LF = '44.3 NOBS = 65
.
.~~~~~~~~~~~~~~~~~~~~~~~~~-
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The estimated parameters 1 and 2 have the correct signs and are
both estimated relatively precisely. The estimated standard deviations
indicate significant variation in the population of land 2 although
their estimates are much less precise. To give some indication of
the explanatory power of the model its likelihood value of -44.34
is significantly higher than the likelihood value for 0= 0 which
assumes equal probability of choice among all three models of a given
BTU size. The likelihood for this latter model is -71.40 so that the
likelihood ratio test is 54.14 which is distributed as X with four
degrees of freedom, a highly significant value. Another possible test
is to calculate the likelihood value using the sample proportions
purchased of low, medium, and high efficiency air conditioners. The
likelihood value computed.in this way is -62.68, again much worse than
the qualitative choice model is able to achieve. Lastly, we compare
the likelihood value to that of independent probit which closely corres-
3
ponds to the logit qualitative choice specification.. The independent
probit specificat ion does not permit variation in the population of the
tradeoff parameters land 2. Its likelihood value is -47.78 so
2
the likelihood ratio test is 6.88 which is distributed as with two
degrees of freedom. Thus, the independent probit specification is
rejected at the 5% significance level.
Now we explore more fully the significance of the tradeoff between
initial purchase price and operating costs. The comparison is basically
a present value calculation--how should we discount dollars saved in
the future by means of decreased operatinc costs against increased
capital payents today? If the real price of operating costs remained
constant at Pio- Pit/ wt then the present value formula is
(3.1) pv t P 1 1+ r io
t=O (1+r)t io
- _- ,.. .. _ . -..
where r is the discount rate. To the extent that n, the assumed
growth rate of the real electricity price is expected to exceed the
market interest rate (after taxes), the present value computed in
equation (3.1) will increase although the calculation must be done
over a finite horizon or the sum will diverge. On the other hand,
the valuation over time of the consumer durable interpreted as an
asset is not altogether straightforward since organized markets for
used consumer durables such as air conditioners do not typically
exist. A possible interpretation is the user cost approach of Walras
much used in investment theory and applied to consumer durable
expenditure by Diewart [1974]. The user cost here is divided into
three components: a rental component Rp i where R is the market
interest rate, an economic deterioration component due to use, diPi,
where d. is the deterioration rate and an expected capital gains
1
component pi-Pi where Pi* is next period's expected price. Thus,
the one period user cost of the consumer durable is
(3.2) Ci R + diPi + (Pi*Pi)/ (1 + R)
The capital gains term might be safely ignored on the assumption of
no trade in used air conditioners, but equation (3.2) does emphasize
that economic deterioration is another factor which affects the trade
off between original purchase price and operating costs. Thus, both n
and d i are implicitly included in the discount rate calculations, but
we have no explicit way to separate out their influence from the "pure"
discount rate. To compute the discount rate we charge initial capital
cost pi and.then compute the necessary charge in io to keep utility
constant. This calculation is done in percentage terms and then equation
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(3.1) is used to solve for the value of r which equates the discounted
charge in operating costs to the increased capital costs. Doing this
calculation at the estimated mean of the population distribution of
B1 and 2, -.06996 and -.3684 from Table IV, leads to a value of 23.44%
per year. This calculation indicates a substantial rate of discount in
the population. It substantially exceeds values commonly used in "engineering
calculations" to determine so-called life cycle costs for evaluating the
trade off between increased energy conservation and lower operating costs
against higher initial capital. costs. Even if we attempt to account for
economic deterioration d. from equation (3.2), the implicit discount rate
1
remains high. Suppose that the average air conditioner is xpected to last
seven years and have no scrap value. At that time the individual is
expected to purchase a new air conditioner. Under these assrumptions and
the assumption that rl= 0, the "pure" time discount rate would still equal
13.54%. Since the growth rate of the real electricity price is at minimun
two percent, a good estimate of the average "pure" time discount rate is
about 15%. A consumer discount rate of 15% may also indicate that energy
conservation calculations for new appliances and insulation may be overly
optimistic unless consumer choice is mandated by law. These policy issues
and further considerations regarding the distribution of income and its
effect on possible energy conservation are considered in the next section
of the paper.
4. Conservation Policy and Consumer Demand
Given the recent ranid rise of energy prices and the emphasis
on energy conservation policy, much attention has been focused on
more energy efficient consumer durables and better home insulation.
t
The policy mix proposed has included both standards and price incentives.
Minimum miles per gallon standards have been imposed on automobiles,
and a "gas guzzler" tax is included in the 1977 energy legislation
being debated by Congress. The proposed energy legislation also
contains a provision for a tax credit for improved home insulation.
Thus a plan of market incentives and disincentives to promote better
fuel efficiency are being considered. How do these proposals fit
together.with our finding that the rate of discount among consumers
is quite high, well in excess of market interest rates?
The tradeoff between higher initial capital costs and lower
operating costs is an economic decision based on a present value
calculation. An argument could be made that anyone who is doing
positive saving should have a discount rate no higher than the
interest rate received since by decreasing savings now the consumer
achieves returns in energy savings later. On the other hand, sub-
stantial amount of credit is obtained through credit cards which
charge a rate of 18% in most states. This 18% interest rate is much
closer to our estimated rate of 15% after economic deterioration is taken
into account. Other factors such as uncertainty and the possibility of
technological change do not seem sufficient to explain the high discount
rate which we found.
'i
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Yet this finding of a high individual discount rate does not
surprise most economists. At least since Pigou, many economists
have commented on a "defective telescopic faculty." A simple fact
emerges that in making decisions which involve discounting over time,
individuals behave in a manner which implies a much higher discount
rate than can be explained in terms of the opportunity costs of funds
available in credit markets. Since this individual discount rate
substantially exceeds the social discount rate used in benefit-cost
calculations, the divergence might be narrowed by policies which lead
to purchases of more energy efficient equipment. Tax subsidies are
a possibility since they lower the initial capital cost and make the
trade off toward lower operating costs more favorable. 'While this
policy seems indicated perhaps for home insulation, it is not as
attractive for consumer durables which may well be considered a luxury
item bought predominantly by the well-off. To determine the inter-
action of the income distribution and consumer choice, we now expand
the model specification to allow income to play a role. Even if all
other factors are identical, discount rates should vary with income
class due to the progression of the income tax. which causes intertemporal
marginal rates of substitution to differ.
In the utility functio.n specification of equation (1.5), B1 and
02 are the parameters which measure the tradeoff between initial
purchase price and operating costs. A reasonable hypothesis might
'be that Bldepends on income since the availability of credit may
'influence the observed discount rate. Therefore instead of the speci-
fications k = 1+ tlk where Elk is a normal random variable, we
specify A] =+ al log Yo k + where T lk is again assumed to be
log
a normal random variable. Therefore Bik % N(a + a AYok a2 ). If we
find al= 0 then the specification reduces to our earlier model and the
tradeoff does not depend on individual income. The results are presented
in Table V where the income variable is taken from the 'tRT survey
which groups individual income into nine classes up to a maximum of
$50,000. The parameter estimates again demonstrate that a substantial
tradeoff exists between initial purchase price and operating costs.
Table V--Estimates of the Individual Choice Model with Income Added
Parameter Estimate Asymptotic Standard Error
ao Parameters of Purchase -.09594 .03879
a1 J Price Variable .03463 .01616
02 Operating Costs -.20614 .01172
a Standard Deviation .02293 .01817
of B1 Distribution
b2a Standard Deviation .09316 .2846
82 of 2 Distribution
LF = -41.63 NOB = 65
Note that the discount rate decreases with increased income as
expected. A hypothesis test of H: a = 0 yields an asymptotic
t-test (Wald test) of 2.14 with the associated likelihood ratio
test taking a value of 5.41. Both tests indicate that income plays
a substantial role in determining the discount rate. Also note
that oi has decreased from .03223 in Table IV to a value of .02293
in Table V which indicates that income is an important variable in
the distribution of discount rates in the population. Economic theory
implies that the discount rate should decrease as income rises; even
with perfect capital markets, since the marginal tax rate rises with
income while the services of consumer durables are untaxed.
Making a similar calculation to the discount calculation in
Section 3 allows us to determine the discount rate as a function
of income. While the estimates at the extreme classes should be
taken as very uncertain (only two individuals in income class 1
and one in income class 9 purchased air conditioners), the results do
'indicate that a substantial variation exists and varies markedly with
income.
Table VI
Estimated Discount Rates Using Mean Populates Estimates
Income Class Number of Implied Discount Rate
Observat ions
1'. < $ 3,000 2 i -. 072 53.7%
2. < $ 6,ooo000 4 -. 058 39.2%
3. < $ 8,000 6 -.048 30.4%
4 . < $1o,ooo 9 '-.o40 24.1%
5 . < $15,000 16 -.034 19.8%
6. < $25,000 17 -. 029 16.4%
7'. < $35,000 8 ' -. 024 13.2%
8. < $50,000 2 .-. 020 10.7%
.9 > $50,000 1 -. ol6 8.4%
It is interesting to note that the top income classes have an
-implied discount rate much closer to the interest rate prevailing
in credit markets. The high discount rate of the poor has received
much previous notice including its improper use as a reason for their
being poor, and our results indicate this high discount rate in a
striking manner. Given the uncertainty of their income streams and
-their lack oi savings, we would expect a high disco unt rate for this
part of the population.
In this section we have discussed policy issues that arise due
to the finding of a high discount rate in the population. This
divergence between the private discount rate and the social discount
rate suggests a role for policy measure which encourages the purchase
of more energy efficient consumer durables. However, for durables
such as air conditioners subsidies have adverse distributional con-
siderations. We have also demonstrated the significant dependence
of the implicit discount rate n individual income.
In conclusion, this type of qualitative choice model can also
be applied to individual choice for other consumer durables. Better
surveys of consumer durable purchases behavior are nec!t for more
precise estimates to be obtained. These surveys should collect more
information on individuals and, most important, the model number and
year of purchase for the durable. Many current surveys are unusable
since they list only the brand name of the durable which is not
sufficient information when a company manufactures over 40 models of
air conditioners.
Further research might try to develop more complete models of
consumer choice where other factors such as type of heating system
installed are accounted for. The qualitative choice specification
seems a useful model when goods are characterized by different attri-
butes. It provides a coherent model of individual choice and yields
parameter estimates which can be used to assess policy measures such
as tax subsidies. For instance, a subsidy on high efficiency air
conditioners is straightforward to include in the model. The model
would forecast the change in consumer choice and predict the amount
of shifting from low and medium efficiency air conditioners to high
I
efficiency models. Being able to predict the capital stock decision
seems an important component of energy planning or conservation
models.
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Section 1
lOur approach to the choice of consumer durable thus differs from the
approach of traditional consumer. theory in which the amount spent on durables
is the focus of attention, see e.g. Diewart (1974).
2Other potentially important factors such as noise of operation
or expected maintenance are difficult to include because of lack of data.
To the extent that these factors are correlated with the included variables,
other conclusions of Section 4 will be reinforced since a negative cor-
relation with purchase price is expected. :,
3This type of price index specification can be derived from the
assumption of a separable utility function u(X,,., Zt ) where Z is a composite
corm--odity. Alternatively, separability assumptions on either the direct
or indirect utility functions would be sufficient to achieve this type of
specification.
'ihe possibility uf equality of utility is neglected since it is an
event of negligible probability.
This covariance probit specification of Hausman-Wise eliminates the
independence of irrelevant alternatives assumption of logit qualitative
choice models. The independence of irrelevant alternative assumption seems
improper in the consumer durables context, given the close szbs-titution
possibility of the different choices.
For a specification and estimation scheme that relaxes both
inpendence assumptions on the .hk and the ik see Hausman [1977].
7Methods of computation and statistical properties are discussed in
'Hausman-Wise [1978]. Also see more recent work by Manski-Lerman [1977].
Section 2
1These data are in directories published by the Association of Home
Appliance Manufacturers (AHAM). Price data are contained in the Home Ap-
pliance Blue Book. A subject that has always raised problems in the hedonic
literature is the difference between list price and traded price due to the
substantial discounts at which consumer durables are often sold. The publi-
cation from which the data are taken attempts to report the traded price.
Section 3
1Note that this assumption may not be entirely correct, since an
individual may choose between one large (e.g. 20,000 BTU) centrally located
model or several small (e.g. 5000 BTU) models placed in separate rooms.
However, interpreting the results as conditional on BTU choice still gives
a correct interpretation
2Marginal prices were computed using individual consumption data
compiled by A. Kling.
Nor a further discussion of the similarity of the independent
probit pecification and the logit specification, see Hausman-Wise [1978].
If maintenance costs are expected to vary inversely with initial
purchase price, the discount rate would increase from our estimate of 15%.
Altering the seven-year assumption for the expected life of the air
conditioner does not change the qualitative conclusions. For instance,
a five-year life decreases the pure time discount to 11.5% while a ten-
year expected life increases it to 18.5%
Section 4
'sing a qualitative choice model in some preliminary work on automobiles,
I calculate parameter estimates that imply the level of the tax would need to
be much higher than currently proposed to have a significant effect.
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